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chapter 1 
P rinciples of Acid-Base Physiology 



Introduction 



Our goal in this chapter is to describe the physiology of 

hydrogen ions (H + ). It quickly becomes apparent that 
many issues are difficult to understand unless one stops 
frequently to examine the "big picture." For example, 
based on the chemistry, H + are the smallest ions (atomic 
weight 1) and their concentration in body fluids is tiny (a 
millionfold lower than that of HC03~, their major 



Index 



Note: Page numbers followed by c indicate flow 
charts; those followed by f indicate figures; those followed 
by t indicate tables. 



A-a gradient, 235, 236-237 
O2 content of shunted blood and, 235 

ACE (angiotensin-converling enzyme) inhibitors, 
hyperkalemia in patients taking, management of, 537- 
538 

Acetazolamide, for; salicylate intoxication, 234-235 

Acetone, production from kctoacids, 119, 120f 

Acetyl-CoA 
formation in liver, 116-117, 117f 
metabolic fates of, 117-118, 118f 

Acetylsalicylic acid (ASA) See Salicylate(s), concentration 
of; Salicylate intoxication; 

Acid(s) See also pH; specific acids 



definition of, 4 

excretion of, net, 19-20 

ingestion of, metabolic acidosis caused by, 184-185 

titxatable, 20 

Acid balance, 8, 8t, 9f 

Acid-base balance See also pH 
H + physiology and See H + 
kidney's role in, 15-28 

ammonium excretion andf, 20-28, 20f-22, 24f, 25f, 

26t, 27f 

HCO3" reabsorption and, 15-19, 16t 

net acid excretion and, 19-20 
during sprints, 31-33 
urine pH and kidney stone formation and, 28-29, 28f 

Acid-base disorders See also specific disorders 
diagnosis of, 39-59 

case studies of, 40, 57-59 

laboratory tests for, 44-51, 44t 

of mixed acid-base disorders, 52-54 

strong ion difference and, 55-57 
laxative abuse and, 483 
with low concentration of H + , 42-43 
mixed, 43 

identifying, 52-54 



with normal concentration of H + , 43 
primary, expected responses to, 52, 52t 

Acidemia, definition of, 4, 41, 77 

Acidosis See also Alcoholic ketoacidosis; Diabetic 
ketoacidosis (DKA); D-Lactic acidosis; 1-Lactic acidosis; 
Metabolic acidosis; Renal tubular acidosis; Respiratory 
acidosis 

definition of, 4, 41 

p-hydroxybutyric, 137-138 

proglutamic, 183-184, 184f 

Acute renal failure, exercise-induced, 188-189, 189f 

Addison's disease, hyperkalemia due to, 524-525 

Adenosine diphosphate (ADP), 5 
content in cells, 147 
control of rate of fuel oxidation by, 547 
glutamine conversion to NH4 + , 22-23, 22f 
interrelationship with NAD + , 166 
ketogenesis and, 145-147, 146f 
NAD+ related to, 115 
as substrate, 115 
turnover of, 5 

Adenosine triphosphate (ATP), 5 
control of rate of fuel oxidation by, 547 
generation of, in anaerobic glycolysis vs. aerobic 



metabolism, 167 

regulation of [K + ]atp channels, 456-458, 458f, 459f 

synthesis of, H + and, 5, 5f 

turnover of, 5 

ADI-I (antidiuretic hormone) See Vasopressin 

ADP See Adenosine diphosphate (ADP) 

(J2-Adrencrgic agonists, for hyperkalemia therapy, 533 

Adrenergic surge, caffeine and, 506-507, 507f 

Adrenocorticotropic hormone-producing tumors, 
hypokalemia due to, 496-497, 497f 

Albumin 
H + load from infusion of salt-free albumin and, 
calculation of, 56 
hypoalbumincmia and, 126 
in interstitial space, 251 
plasma, glomerular filtration rate and, 557 

Alcohol(s) See also Alcoholic ketoacidosis; Ethanol; 
Ethylene glycol, metabolic acidosis due to; Methanol; 
Propylene glycol, metabolic acidosis due to 
ingestion of, plasma osmolal gap and, 48 

Alcoholic ketoacidosis, 121t, 134-144 
biochemistry of, 135-138, 136f, 1361 
case study of, 135, 155-156 



classification of, 138-139, 138t 
diagnosis of, 138-141 
ketoacid removal in, 136-137 
treatment of, 141-143 

arterial blood volume contraction and, 142 

hypoglycemia and, 142 

K+ deficit and, 142 

nutritional deficiencies and, 142-143 

Aldehydes, dialysis of, 184 

Aldosterone 

mineralocorticoid receptor for, specificity of, 439 

Na + reabsorption and, 268, 270 

Nedd4-2 and SGK and, 443 

proteolytic cleavage of ENaC and, 442 

renal excretion of K H and 

aldosterone paradox and, 444-446, 446f 
mechanism of action of, 442-444, 443f 

secretagogues for, 270 

Aldosteronism, glucocorticoid remediable, hypokalemia 
due to, 495-496 

Alkali 
dietary intake of, 99 

metabolic acidosis and, 101-102 
renal tubular acidosis and, 99 



H + removal using, 170 
milk-alkali syndrome and, metabolic alkalosis 
associated with, 208, 213, 216 
therapy for, 216 

Alkali therapy, for salicylate intoxication, 234, 234f 

Alkaline bone salts, dissolving, 102 

Alkaline tide, 85, 198 

Alkalosis See Metabolic alkalosis; Respiratory alkalosis 

Alveolar air, water loss in, 376, 377f 

Ammonia See NH3 

Ammonium See NH4" 1 " 

Amphotericin B, hypokalemia due to, 499-500 

Anabolism, rapid, hypokalemia due to, 472 

Anemia, sports, 129, 240-242 
advantage of, 241 

Anesthesia, blood pressure during, 379 

Angiotensin II, 18 
Na + reabsorption and, 261 

Angiotensin II receptor blockers, hyperkalemia in patients 
taking, 537-538 

Angiotensin-converting enzyme (ACE) inhibitors, 



hyperkalemia in patients taking, management of, 537- 
538 

Anion(s) 
amount filtered, 9 

nonreabsorbable, metabolic alkalosis 
associated with, 213-214 
phosphate, in cells, 248 

Anion exchanger, 187 

Anion gap, plasma, 79 
detection of addition of acids using, 69 
in metabolic acidosis, 45-48, 46f 
normal, 40 
PHC03 and, 1 26 
strong ion difference and, 56 

ANP (atrial natriuretic peptide), Na + reabsorption and, 
270-271 

Antidiuretic hormone (ADH) See Syndrome of 
inappropriate aniidiuretic hormone (SIADH); Vasopressin 

Aniiretroviral drugs, 1-lactic removal and, 174f, 175 

Aquaporin-2 (AQP2) 
deficiency of, nephrogenic diabetes insipidus and, 386- 
388 

in newborn, 394-396 



insertion of 

vasopressin and, 283-284, 294f 

water and electrolyte reabsorption after, 284-286, 

286f 
normal, nephrogenic diabetes insipidus and, 388-390 

Aquaporin-2 (AQP2) water channels, flux through, 405- 
406 

Aquaretics 
mechanism of action of, 354 
safety of, 366-367 
side effects of, 354 

for syndrome of inappropriate antidiuretic hormone, 
354 
volume of water excreted and, 354 

Arginine, dietary, metabolism of, polyuria and, 418-420, 
419f 

Arginine-rich protein (ARP), 418 

Arrhythmias, in metabolic acidosis, 64 

ASA (acetylsalicylic acid) See Salicylate(s), concentrations 
of; Salicylate intoxication 

Aspirin See Salicylate(s), concentrations of; Salicylate 
intoxication 

Athletes See also Exercise 



marathon runners as, acute hyponatremia and, 329-330 
sports anemia in, 129, 240-242 

advantage of, 241 
trained 

CI - retention in, 254 

Na+ retention in, 254 

ATP See Adenosine triphosphate (ATP) 

Atrial natriuretic peptide (ANP), Na + reabsorption and, 
270-271 

Autoregulation, of blood flow to brain, 14 



B 



Barrier's syndrome, 266 
antenatal, 489-490 

cationic agents causing condition resembling, 212 
hypokalemia due to, 486-490 

antenatal, 489-490, 509-510, 510f 

clinical picture in, 488 

diagnosis of, 488 

differential diagnosis of, 488 

molecular basis of, 487-488, 487f 

pathophysiology of, 486-487 

therapy of, 488, 490, 491-492 

Base(s) See also Acid-base balance; Acid-base disorders; 
pH; specific disorders 
definition of, 4 

Base balance, 9-10, lOf 

Basolateral membrane, in proximal renal tubular acidosis, 
87 

BBS See Bicarbonate buffer system (BBS) 

Beer potomania, 327, 336-339 
early phase of, 337-338, 339, 3391 
later phase of, 338, 339 



Na + deficit in, reasons for development of, 337 
residual water permeability in, 337 
therapy of, 339, 339t 

Berries, KHCO3 load from intake of, 255 
Bicarbonate See HC03~ 

Bicarbonate buffer system (BBS), 11-15, llf, 13f, 13t, 14f, 
224-225, 224f 

failure of, 13-15, 14f 

in metabolic acidosis, assessment of effectiveness of, 67- 

68 

recovery from sprints and, 33-34 

respiratory acidosis and, 239 

Blood See also Plasma entries 
hemoglobin concentration in, 235 
O2 content and concentration of, 235, 235f 
pi I of, normal, 29-31, 30f 

shunted, O2 in, impact on alveolar-arterial difference, 
237 
volume reaching heart in less than 10 seconds, 503 

Blood flow, to brain, autoregulation of, 14 

Blood pressure See also Hypertension 
during anesthesia, 379 

Blood volume, 251 



arterial 

in alcoholic ketoacidosis, 140 

contraction of, 142 
assessment using fractional excretion of urea, 260 
determination by physical examination, 364 
effective 

assessment of, 335-336 

low, reasons for, 345 
intravenous saline infusion and, 272 
Na + reabsorption and, 261 
NaCI intake and, 254 
urine electrolytes to detect contraction of, 210 

Body composition, 195 

Body fluid compartments, 246-252 
case study of, 246 

extracellular See Extracellular fluid (ECF) entries 
hyperglycemia impact on volumes in, shift of water 
across cell membranes and, 554-555, 555f 
intracellular See Intracellular fluid (ICF) entries 
total body water and, 247-252, 247t 

defense of cell volume and, 249-251, 250f 
distribution of fluid in extracellular fluid 
compartment and, 251-252, 251t, 252f 
distribution of water across cell membranes and, 
247-249, 248f, 248t, 249f 



Body size, hyponatremia and, 324 

Body weight 
excess, uncoupled oxidation of fatty acids and, 150 
gain of, in marathon runners, 329 
loss of, in diabetic ketoacidosis, 123 

Brain 
blood flow to, autoregulation of, 14 
cerebral salt wasting and, 271-274 

hyponatremia and, 273-274, 273f 

lesion causing, 271 

salt wasting in, 271-273, 272f, 273t 
demyelination in, chronic hyponatremia and, 318-319, 
356-357 

fuels for, 546-547, 546f 
H + concentration in cells of, 12 
herniation of, hyponatremia and, 314 See also 
Hyponatremia, acute 
ketoacid removal in, 119 

loss of intracellular anions in, chronic hyponatremia 
and, 318-319 
osmolality of, measurement of, 251 

Brain cells 
Cl~ concentration in, 250 

shift of water out of, hyperglycemia and, 555-556 
shrinkage of, hyponatremia and. See also Hyponatremia, 



chronic, 317 
volume of 

defense of, 249-251, 250f 

regulation of, 318-319, 319f 
in Hypernatremia, 375, 375f 

regulatory decrease in, 250 

Buffering, of H + , 10-15 
bicarbonate buffer system and, 11-15, llf, 13f, 13t, 14f, 
224-225, 224f 

failure of, 13-15, 14f 

in metabolic acidosis, assessmenl of effecliveness of, 

67-68 

recovery from sprints and, 33-34 

respiratory acidosis and, 239 
binding of II + to proteins and, 10-11 



Ca 2 + See also Calcium entries 
absorption of, 218, 219f 
excretion of, 218-220, 219f 
ionized 

activity of, 287 

in hypokalemia, 503-504 

Na + reabsorption in loop of Henle regulation by, 

286 
plasma, maintaining value for, 31 
reabsorption of, Na + reabsorption and, 258-260, 260t 

Ca 2+ homeostasis, 217-221 See also Hypercalcemia; 
Hypocalcemia; Hypocalciuria 

calcium input from gastrointestinal tract and, 217-218, 

218f 

in Gitelman's syndrome, 491 

output of calcium and, 218-220, 219f 

CaC03 
kidney stones and, 505, 505f 
precipitation in renal medulla, 297-301 

Caffeine, hypokalemia and, 506-507, 507f 

CaHPO* 
kidney stones and 



formation of, urine pH and, 28-29 
incomplete renal tubular acidosis andlOlc, 99-100 
precipitation in renal medulla, 297-301 

Calcium SeeCa a+ 

Calcium oxalate crystals, in urine, 181 

Calcium salts, precipitation in renal medulla, 297-301 
magnesium and, 300-301, 302f 
prevention of, 298-300 

Calcium supplements, hypercalcemia associated with, 213, 
218, 219f 

Calcium-sensing receptor (Ca-SR), cationic drugs binding 
to, hypokalemia due to, 493-494, 494f 

Capacitance vessels, venous tone in, 358 

Capillaries, colloid osmotic pressure in, 252 

Capillary membrane, ultrafiltrate movement across, factors 
controlling, 251, 2521' 

Carbon dioxide See CO2; CO2 homeostasis; Hypercapnia 
partial pressure of See Pco^ 

Carbonate See CO3 2 - 

Carbonic anhydrase deficiency, 87 

Cardiac arrhythmias, in metabolic acidosis, 64 



Cardiogenic shock, 1-lactic acid overproduction and, 170 

Ca-SR (calcium-sensing receptor), cationic drugs binding 
to, hypokalemia due to, 493-494, 494f 

Catabolism, of protein See Protein(s), catabolism of 

Cation exchange resins, enhancing for hyperkalemia 
therapy, 534-535 

Cationic drugs, binding to Ca-SR, hypokalemia due to, 
493-494, 494f 

CCD See Nephron(s), late cortical distal 

Cell membranes 
distribution of water across, 247-249, 248f, 248t, 249f 
K + channels in, 515 

K + movement across See K 4 ", movement across cell 
membranes 

Cell volume 
of brain cells 

defense of, 249-251, 250f 
regulation of, 318-319, 319f 

in hypernatremia, 375, 375f 
regulatory decrease in, 250 
defense of, 249-251, 250f 
determinants of, 248-249, 249f 

Cerebral edema 



in diabetic ketoacidosis, in children, 66, 131 
during diabetic ketoacidosis treatment, 127-130 

pathophysiology of, 128-129, 129f 

risk factors for, 129-130, 131 
prevention of, 570 

Cerebral salt wasting, 271-274 
hyponatremia and, 273-274, 273f 
lesion causing, 271 
polyuria and, 408 
salt wasting in, 271-273, 272f, 273t 

CFTR (cystic fibrosis transmembrane conductance 
regulator), 107 

Children, diabetic ketoacidosis in, cerebral edema in, 66, 
131 
minimizing risk of, 130 

Chloride See C\~ 

Cholera bacteria, 106-108 
biochemistry of toxin and, 108 
detecting in ocean, 107 
NaCl and, 107, 107f 
reducing incidence of, 107-108 

Citrate 
excretion of, 87 
urine, pH of proximal tubule cell and, 9 



Cl- 
in brain cells, concentration of, 250 
deficit of, metabolic alkalosis due to, treatment of, 214- 
215 

fruit juice ingestion and, 557 
loss in sweat, in cystic fibrosis, 206 
plasma, 47 
reabsorption of, 260, 267 

less than Na H reabsorption, hypokalemia with, 476, 

476f, 4761 

inloopofHenle, 290 
retention of, in trained athletes, 254 
urine 

concentration of, effective arterial blood volume and, 

335-336 

to delect effective arterial blood volume contraction, 

210 

in metabolic acidosis, 45 

CO2 
added per liter of blood flow, 12 
excretion of, 226-227, 227f 
production of, 225-226 

during metabolism, 226 

O2 consumption and, 29-31 

at rest, 225-226, 226t 



retention of, metabolic alkalosis and, 209-211, 211t 
transport of, 227-228, 227f 

CO2 homeostasis, 225-226 See also Hypercapnia 
CO2 production and, 225-226, 2261 
CO2 removal and, 226-227, 227f 

C03 2 ~, calcium salt precipitation in renal medulla and, 298 

Coenzyme Q (CoQ), 185 

Collecting ducts 
cortical 

K + flow rate in, 446-447 

renal excretion of K+ in, 438-439 
medullary 

inner, factors affecting diffusion of water in, 360 

K + resorption in, 447, 447f 
maxi-K + channels in, 441 

Colloid osmotic pressure, in capillaries, 252 

Colon, NaHC03 secretion by, 80-81, 81 f, 82f 

Congenital adrenal hyperplasia, hyperkalemia due to, 525 

Convoluted tubule, distal, 268 
early, osmolality of fluid collected from, 276 

CoQ (coenzyme Q), 185 

Cortical collecting duct 



K+ flow rate in, 446-447 

renal excretion of K+ in, 438-439 

Cortisol 
cortisone conversion to, 525 
K + excretion and, 208 
vasopressin release and, 344-345 

Cortisone, conversion to Cortisol, 525 

Countercurrent exchanger, vasa recta as, 283, 283f 

Countercurrent multiplier hypothesis, critique of, 307 

Creatine, excretion of, 419 

Creatinine 

excretion of, 521 

as marker of catabolism of body protein in polyuria, 

417-421 

creatinine metabolism and, 418 

dietary arginine metabolism and, 418-420 

measurement of, 125 

metabolism of, polyuria and, 418 

Cushing's syndrome, severe, hypokalemia due to, 496-497, 
497f 

Cyclo-oxygenase-2 inhibitors, release of, drugs inhibiting, 
hyperkalemia due to, 529 

Cystic fibrosis, K + and CI" loss in, 206 



Cystic fibrosis transmembrane conductance regulator 
(CFTR), 107 



D 



Daily water conservation, 297 

dDAVP (desamino, D-arginine vasopressin), 142, 317 
for chronic hyponatremia, 341, 345-346, 348-349 
for metabolic alkalosis, 215 
renal response to, 408 

Dehydration, 329 

Demyelination, osmotic, in polyuria, 410-411 

Desamino, D-arginine vasopressin See dDAVP (desamino, 
D-arginine vasopressin) 

Diabetes insipidus (Dl) 
central 

hypernatremia due to, 385 

polyuria and, 406t, 422 
circulating vasopressinase in, 385 
nephrogenic 

acquired, urine volume in, 386 

AQP2-deficiency type of, 386-388 

classification of, 412 

congenital, 386-387 

hypercalcemia as cause of, 389-390 

hypernatremia due to, 385-390 



hypokalemia as cause of, 389 
lilhium-induced, 387-388 
normal AQP2 type of, 388-390 
polyuria and, 406t 

Diabetes mellitus 
"insulin edema" in, 567 
renal lesion in, early, 241f, 242 
rypel, 122 
iype2, 122 

Diabetic ketoacidosis (DKA), 121t, 122-133 

case study of, 122, 154-155 

in children, cerebral edema in, 66, 131 

diagnosis of, 122-127 

ketogenesis during, 144-145 

laboratory findings in, 125-127 

natural history of, 123-124 

signs in, 123 

treatment of, 127-133 

cerebral edema during, 127-130 
intravenous, goals of, 131-134 
Na ' replacement and, 132-133 

underlying illness and, 134, 134t 

Dialysis 
of aldehydes, 184 
for hyperkalemia therapy, 535 



for salicylate intoxication, 234 

Diarrhea 
diminished Na + and CI - in colon and, hypokalemia due 
to, 482-483 
HC1 loss during, 206 
hypokalemia due to, 480-483, 4801 

diminished reabsorption of Na + and Cl~ in colon 

and, 482-483 

secretory type, 481-482 
hyponatremia due to, acute, in infants and children, 329 
metabolic acidosis due to, 161-162, 188 
secretory, hypokalemia due to, 481-482 
severe, diarrhea fluid composition in, 80 

Diarrhea fluid 
composition of, in severe diarrhea, 80 
HC1 in, 81, 82f, 483 
water loss in, 81 

Diffusion, 25 
of NH3, 26 
of NH4 + in renal medulla, 25-27, 26t, 27f 

Dihydrogen phosphate See H2PO4- 

Diuresis See Osmotic diuresis; Water diuresis 

Diuretics 



hyperkalemia and, 537 
hypokalemia due to, 483-485 

clinical picture in, 484 

diagnosis of, 484 

differential diagnosis of, 484 

pathophysiology of, 483-484, 484f 

therapy of, 485 
loop 

in congestive heart failure, hypernatremia and 

polyuria in geriatric patients and, 391, 392f 

for syndrome of inappropriate antidiuretic hormone, 

353f, 353-354 
metabolic alkalosis due to, 193, 212 
Na + reabsorption and, 265 
thiazide, polyuria and, 413 

DKA See Diabetic ketoacidosis (DKA) 

Dopamine, Na + reabsorption and, 261 

Drainage period, of vomiting, 194 

Drugs See also specific drugs and drug types 
hyperkalemia caused by, 514, 523t, 528-532 



E 



ECF See Extracellular fluid (ECF) entries 

Ecstasy, hyponatremia due to, 320-321, 327-328, 328f 

Edema 
cerebral 

in diabetic ketoacidosis, in children, 66 
during diabetic ketoacidosis treatment, 127-130 
pathophysiology of, 128-129, 129f 
risk factors for, 129-130, 131 
prevention of, 570 
insulin, in diabetes mellitus, 567 

EFW (electrolyte-free water), 274, 381 

Elderly patients 
hypernatremia in, 390-391 
polyuria in, 390-391 

Electrical driving force, magnitude of, 257 

Electrolyte(s) See also specific electrolytes 
nonrenal loss of, 355 
reabsorption of, after AQP2 are inserted, 284-286, 286f 

Electrolyte disorders See also specific disorders 
diminished Na + and Oh in colon and, hypokalemia due 
to, 482-483 



in secretory diarrhea, 481-482 

Electrolyte-free water (EFW), 274, 381 

ENaC See Epithelial Na + channels (ENaC) 

Encephalopathy, Wernicke's, development of, rationale for, 
172 

End products, of metabolism, 20 

Epithelial Na+ channels (ENaC) 
proteases activating, 532 
proteolytic cleavage of, aldosterone and, 442 

Eryrhrocytosis, after renal transplantation, therapy for, 242 

Erythropoietin 
release of, control of, 237-238, 238f 
sports anemia and, 240-242 

Elhanol See also Alcoholic ketoacidosis 
from intestine, 117 
1-lactic production and, 171 

metabolism of, quantitative aspects of, 151-152, 152f 
oxidation of, I-lactic acid production during, 166, 166f 
for toxic aldehyde-induced metabolic acidosis, 181 
uncoupling of oxidative phosphorylation and, 136 
water balance and, 275 

Ethylene glycol, metabolic acidosis due to, 180-181, 180f 



Evaporative water loss 
quantitative analysis of, 278 

retention of nondangerous water for future sweat and, 
279-281, 280f 

Exercise See also Athletes 
acute renal failure induced by, 188-189 
P02 of alveolar air in, 29 
vigorous 

O2 diffusion in skeletal muscle cells during, 240 
Pk rise in, 207 

Extracellular fluid (ECF) 
analysis of, in chronic hypernatremia, 393 
glucose in, 133 

volume of See also Cell volume 
actual, 249 

determination of, by Na + , 316-317, 316f, 317 
expansion during micropuncture experiments, 295 
hematocrit to estimate, 133 
low 

conditions with, 52 
plasma anion gap and, 47 
quantitative estimate of, 571 
reexpansion of 

in hyperglycemia, 562-563 
in hyponatremia, acute, 330 



Extracellular fluid (EOF) compartment 
distribution of fluid in, 251-252, 251t, 252f 
gain of water in, insulin and, 566-567 
interstitial fluid volume in, 251 
Na + balance for, 340-341, 348 
plasma fluid volume in, 251, 251t 
subdivisions of, 251, 251t 
water balance for, 340, 342, 348 



Fanconi syndrome, 86, 86t, 261 
possible candidate lesions in, 87 

Fanconi-Bickel syndrome, 568 

Fatty acid oxidation, 547 
uncoupled, obesity and, 150 

Fomepizole (4-methylpyrazole), for toxic aldehyde-induced 
metabolic acidosis, 181 

Formic acid, production from methanol, rate of, 179 

Fructose, intestinal absorption of, 294-295 

Fruit(s), KHCO3 load from intake of, 255 

Fruit juice, effects of ingestion of, 557-558, 571 



Gastrointestinal tract 
cation loss in stools and, 219 
diarrhea and See Diarrhea entries 
NaHCOa loss inf, 80-83, 81f-83 
nutrient absorption in, 105-106, 105f, 106t 
water loss from, hypernatremia due to, 377 
water movement in, 105 

Geriatric patients 
hypernatremia in, 390-391 
polyuria in, 390-391 

GFR See Glomerular filtration rate (GFR) 

Gibbs-Donnan equilibrium, 252 

Gitelman's syndrome, 268 
hypokalemia due to, 490-493 
clinical picture in, 492 
diagnosis of, 492 
differential diagnosis of, 492 
molecular basis of, 491-492, 492f 
pathophysiology of, 490-491, 491f 
therapy of, 492-493 

Glomerular filtration rate (GFR) 



fall in, effect on plasma glucose level, 553, 5531 
high 

erythropoietin release and, 238 

fuel oxidation and, 254 
low 

distal delivery of filtrate and, 357, 358f 

effect of, 124 
plasma albumin and, 557 

Glucocorticoid deficiency, vasopressin release in, 320 

Gluconeogenesis, l-laclic acid removal and, 168-169 

Glucose See also Diabetes mellitus; Hyperglycemia; 
Hypoglycemia 

in arterial blood, prevention of large rise of, 294 

basolateral transport of, 568 

conversion to L-lactic acid, 454 

conversion to storage forms, 551 

effectiveness as osmole, 1 57 

excretion of, in urine, 551 

extra, calculation of, 563 

in extracellular fluid compartment, quantity of, 133 

intake of, high, hyperglycemia and, 559 

luminal transport of, 567-568 

metabolism of See Diabetes mellitus; Glucose 

metabolism; Hyperglycemia; Hypoglycemia 

oxidation of, 547, 550-551 



metabolic process of, 115 
plasma 

in alcoholic ketoacidosis, 137, 137f, 139-140 
glucose dose needed and, 142 
regulation of ketoacid formation by, 150-151 

effect of fall in glomerular filtration rate on, 553, 

5531 

fall in, 130 

during therapy of hyperglycemia, 553 
production from protein catabolism, polyuria and, 408 
protein conversion to, 408, 550, 550f 
reabsorption of, tubular maximum for, 294 
removal via metabolism, 550-551 
renal handling of, 551, 552f 
supply to liver, 294 

Glucose metabolism, 546-551, 548f See also Diabetes 
mellitus; Hyperglycemia; Hypoglycemia 

brain fuels and, 546-547, 546f 

glucose input and, 549-550, 550f 

glucose output and, 550-551 

hierarchy of fuel oxidation and, 547 

pool size for glucose and, 548 

rate of, limited, 380 

Glucosuria 
loss of lean body mass and, 551 



renal, hyperglycemia therapy and, 567-568 

Glue sniffing, hypokalemia due to, 479-480 

Glutamine, 21 
conversion to NH4 + , ADP and, 22f, 22-23 
oxidation of, in proximal convoluted tubule, 20-23 

Glycogen stores, glucose input from, 549, 570 

Glycolysis, anaerobic, 167, 169f 

Gordon's syndrome, 268 
hyperkalemia due to, 526-527 



H 



H + See also Acid-base balance 
amount in body, 6 
in ATP synthesis, 5, 5f 

backleak in distal nephron, renal tubular acidosis with 
low nel distal H + secretion due to, 95 
binding of 

to hemoglobin, benefit of, 6 
to proteins, 10-11 
buffering of, 10-15 

bicarbonate buffer system and, 11-15, llf, 13f, 13t, 
14f, 224f, 224-225 

failure of, 13-15, 14f 

in metabolic acidosis, assessment of effectiveness 
of, 67-68 

recovery from sprints and, 33-34 
respiratory acidosis and, 239 
binding of H+ to proteins and, 10-11 
in metabolic acidosis, 163 
during sprints, 15, 31-34 
concentration of, 6 
in brain cells, 12 
definition of, 4 
rise in, causes of, 164-165, 164f, 165f 



exchange for K + , in medullary collecting duct, 103 

HC03~ reabsorption and, 17 

load from infusion of salt-free albumin, calculation of, 

56 

pH versus, 43 

plasma, normal, 40 

production and removal of, 6-10, 7f 

acid balance and, 8, 8t 

base balance and, 9-10, lOf 
in proximal convoluted tubule cells, H + secretion and, 
18 
reabsorpiion of 

in distal nephron, 19 

in loop of Henle, 19 
regulation of ketoacid formation by, 151 
removal using alkali, 170 
risks associated with, 6 
secretion of 

low, distal metabolic acidosis and94c, 93-98, 94t, 

95f, 97t 

molecular defect in, 87 

proximal, regulation of, 18 

voltage defect in secretion in disial nephron and, 

renal tubular acidosis with low net distal H + 

secretion due to, 96 



[II + ], luminal, H + secretion and, 17 

H+ pumps, 26-27, 27f 

H + -ATPase, 5 

H + -ATPase pumps 
inhibition by alkaline cell pH, renal tubular acidosis 
with low net distal H+ secretion due to, 95, 95f 
low number of, in distal nephron, renal tubular acidosis 
with low net distal H+ secretion due to, 94 

HCI 
alkaline tide and, 198 

deficit of, PHC03 elevation and, 193, 196f, 197-199, 
198f 

in diarrhea fluid, 81, 82f, 206, 483 
ingestion of, 80 
loss of, during diarrhea, 206 

HCMA (hyperchloremic metabolic acidosis), definition of, 

77, 77f 

HCO3- 
calcium salt precipitation in renal medulla and, 298 
conceniration of, 33 
definition of, 4 
distal secretion of 

high urine PC02 due to, 51 



renal tubular acidosis with low net distal H + 

secretion due to, 96 
excretion of 

fractional, 51 

urinary, 205 

decline in, titration of dietary acid load and, 103 
exit from cells after excretion begins, K + movement 
across cell membranes and, 438 
filtered, reabsorption of, 15-19, 16t 
generating by dissolving alkaline bone salts, 102 
intake of 

low, K + movement across cell membranes and, 436- 

437 

much larger, K + movement across cell membranes 

and, 437 

somewhat larger, K+ movement across cell 

membranes and, 437, 437f 
normal filtered load of, 85 

physiologic load of, renal response to, 203-204, 220- 
221 
plasma 

anion gap and, 126 

in diabetic ketoacidosis, 53-54, 54t 

elevation of, in metabolic alkalosis, 193 

fall in, with large infusions of NaCl, 481 



ideal, 30-31 

normal, 40 

strong ion difference and, 56 
potential, fruit juice ingestion and, 558 
production during metabolic acidosis, mechanisms 
stimulating, 21 
quantity in body, 11 
reabsorption of, renal threshold for, 18-19, 19f 

Hearl 
arrhythmias of, in metabolic acidosis, 64 
interstitial fluid in, K + concentration in, 469 
volume of blood reaching in less than 10 seconds, 503 

Hematocrit 
in diabetic ketoacidosis, 126 
to estimate extracellular fluid volume, 133 
in metabolic acidosis, 44 

Hemodynamic emergencies 
in diabetic ketoacidosis, 131-132 
in metabolic acidosis, 64 

Hemoglobin 
concentration in blood, 235 
erythropoietin release and, 237-238 

Henderson equation, 52, 58 

Hepatic disease, 1-lactic removal and, 175 



Hepatocytes, shift of water out of, hyperglycemia and, 555 

H+/K + -ATPase, 27 
luminal acceptors for, 447 

Hormones See also Mineralocorticoids 
Na-K-ATPase activation by, 432-433, 433f 

H2PO4- 
acid balance and, 8, 9f 
excretion of, metabolic acidosis and, 101 

HPO4 2 ', calcium salt precipitation in renal medulla and, 
298 

H2SO4, acid balance and, 8, 9f 

Hydrogen See II + 

P-Hydroxybutyric acidosis, 137-138 

Hyperaldosteronism, primary, 494-495 
hypokalemia due to, 494 

Hypercalcemia 
development of, 217-221, 218f, 219f 
in elderly women on calcium supplements, 213 
metabolic alkalosis associated with, 208, 213 
nephrogenic diabetes insipidus due to, 389-390 

Hypercapnia 
metabolic alkalosis associated with posthypercapnic 



state and, 213 
permissive, 230-231 

Hyperchloremic metabolic acidosis (HCMA), definition of, 

77, 77f 

Hyperglycemia, 543-574 
acidemia and, 545, 571-573, 572f 
acidosis and, 122 

case studies of, 544-545, 564-567, 569-573 
classification o!559c, 558-560, 559t 
consequences of, 123 
fruit juice ingestion and, 557-558 
glucose metabolism and, 546-551 

brain fuels and, 546-547, 546f 

hierarchy of fuel oxidation and, 547 

quantitative analysis of, 548-551, 548f 

steady-state hyperglycemia and, 547, 547f, 553 
glucose-induced osmotic diuresis and, 552-553, 552f, 
553 1 

fall in glomerular filtration rate and, 553, 553t 

fall in plasma glucose during therapy of 

hyperglycemia and, 553 
impact on body compartment volumes, 554-557 

osmotic diuresis and, 556-557 

quantitative relationship between plasma glucose and 

plasma Na + and, 555-556, 556t 



shift of water across cell membranes and, 554-555, 

555f 
insulin effects on Na + and K + homeostasis and, 564- 
567 

oliguric559c, 560 

polyuria and559c, 544-545, 559-560, 569-571 
renal glucosuria and, 567-568 
renal handling of glucose and, 551, 552f 
steady-state, 547, 547f 
therapy of, 560-563 

emergency, 561-562 

potassium for, 563, 563f 

saline for, 560-563, 561t 
water balance and, 275 

Hyperkalemia, 512-540 

acute, benefit of, 433 

cardiac effects of, therapy to antagonize, 532-533 

case studies of, 513-514, 538-540 

causes of, 522-532, 523t 

Addison's disease as, 524-525 
chronic renal insufficiency as, 524 
congenital adrenal hyperplasia as, 525 
drugs as, 514, 523t, 528-532 
hyperkalemic periodic paralysis as, 528 
pseudohypoaldosteronism as 



type I, 525-526, 526f 
type II, 526-527 
syndrome of hyporeninemic hypoaldosteronism as, 
527-528 
chronic, K + excretion during, 535-537 
development of, 518-519, 518f 
diagnostic workup for520c521c, 519-522 
emergencies and520c, 519 
K + excretion and 

in chronic hyperkalemia, 535-537 
regulation of, 516-517 
K + movement across cell membranes and, 515-516 
low NH4 l excretion and, 92-93 
therapy of, 532-535 

with Addison's disease, 525 

with chronic renal insufficiency, 524 

in emergency setting, 532-534 

to antagonize of cardiac effects of hyperkalemia, 
532-533 

to induce shift of K + into intracellular fluid, 
533-534 
nonemergency, 534-535 

cation exchange resins for, 534-535 

dialysis for, 535 

to enhance K + excretion in urine, 534 



Zollinger-Ellison syndrome, 211 



